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Introduction 


Background 

A  large  percentage  of  concrete  used  by  the  U.S.  Army  Corps  of 
Engineers  (CE)  to  construct  Civil  Works  Structures  is  mass  concrete  the 
proportions  of  which  are  selected  as  a  result  of  studies  conducted  by  the  division 
laboratories  in  accordance  with  flie  American  Concrete  Institute  (ACI) 

Standard  211.1  (ACI  1993b)  (CRD-C-99).^  In  recent  years,  a  number  of 
contractor  complaints  have  been  received  at  CE  projects  regarding  poor 
workability  of  mass  concrete.  In  some  instances,  these  complaints  have  been 
followed  by  actual  production  delay  claims.  Although  the  problems  associated 
with  the  workability  of  the  concrete  generally  appear  to  be  related  more  to  the 
contractor’s  selection  of  materials,  placing  operations,  or  lack  of  adequate 
contractor  quality  control  (CQC)  than  die  Government’s  mixture  proportions,  it  is 
often  difficult  for  the  Government  to  be  certain  that  the  mixture  itself  is  not  at 
fault.  Civil  Works  Investigation  Studies  Work  Unit  No.  32768,  “Workability  of 
Mass  Concrete,”  was  initiated  to  address  some  of  tiie  problems  related  to  tiie 
selection  of  proportions  for  mass  concrete  with  assurance  that  the  concrete  will 
have  adequate  workability. 

The  initial  phase  of  this  study  was  to  obtain  information  from  CE  division  and 
district  staff  members  having  recent  experience  with  mass  concrete  construction. 
Their  input  was  solicited  to  describe  workability  complaints  as  well  as  the 
purported  causes  of  the  problems.  A  survey  form  was  designed  to  identify 
potential  problems  in  five  areas  that  could  lead  to  workability  problems  or  the 
perception  of  workability  problems.  The  five  areas  were  (a)  materials, 

(b)  mixture  proportions,  (c)  transporting  and  placing,  (d)  consolidation,  and 
(e)  overall  considerations.  The  results  of  this  survey  (Neeley  1993)  indicated 
(a)  problems  with  aggregate  grading,  usually  associated  with  improper  handling  at 
the  job  site,  (b)  improper  handling  and  placement  procedures  for  the  fresh 
concrete,  (c)  improper  consolidation  procedures,  and  (d)  frequent  adjustments  to 
nuxture  proportions  when  taken  from  the  laboratory  to  the  field. 


^  CRD-C  equivalent  in  parentheses  is  from  the  Handbook  for  Concrete  and  Cement, 
U.S.  Army  Engineer  Waterways  Experiment  Station  (USAEWES),  1949,  Vicksburg,  MS. 
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Only  one  of  these  problem  areas  is  under  direct  control  of  the  government; 
i.e.,  the  selection  of  mixture  proportions  and  adjustments  thereof.  Aggregate 
gradings  are  prescribed  in  the  specifications  for  the  work.  Handling  procedures, 
transporting,  placing,  and  consolidation  are  the  direct  responsibility  of  the 
contractor.  Adequate  guidance  in  each  of  these  areas  is  available  from  the  ACI, 
the  Portland  Cement  Association  (PC A),  and  the  CE  to  assist  the  contractor  in 
completing  a  successful  placement: 

Aggregate  gradings  - 

“Mass  Concrete,”  Civil  Works  Guide  Specification  03305  (Headquarters, 
U.S.  Army  Corps  of  Engineers  (HQUSACE)  1992). 

“Standard  Practice  for  Concrete  for  Civil  Works  Structures,"  Engineer 
Manual  1110-2-2000  (HQUSACE  1994). 

Aggregate  handling  procedures  - 

“ACI  Manual  of  Concrete  Inspection,”  SP-2  (ACI  1992). 

“Guide  for  Measuring,  Mixing,  Transporting,  and  Placing  Concrete,” 

ACI  304R  (ACI  1993c). 

“Design  and  Control  of  Concrete  Mixtures,”  (Kosmatka  and 
Panarese  1988). 

Transporting  and  placing  fresh  concrete- 

“Mass  Concrete,”  Civil  Works  Guide  Specification  03305 
(HQUSACE  1992). 

“Standard  Practice  for  Concrete  for  Civil  Works  Structures,”  Engineer 
Manual  1 1 10-2-2000  (HQUSACE  1994). 

“ACI  Manual  of  Concrete  Inspection,”  SP-2  (ACI  1992). 

“Gxude  for  Measuring,  Mixing,  Transporting,  and  Placing  Concrete,” 

ACI  304R  (ACI  1993c). 

“Placing  Concrete  with  Belt  Conveyors,”  ACI  304.4R  (ACI  1993d). 

“Design  and  Control  of  Concrete  Mixtures,”  (Kosmatka  and 
Panarese  1988). 

Consolidating  fresh  concrete- 

“Mass  Concrete,”  Civil  Works  Guide  Specification  03305 
(HQUSACE  1992). 
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“Standard  Practice  for  Concrete  for  Civil  Works  Structures,"  Engineer 
Manual  1110-2-2000  (HQUS ACE  1994). 

“ACl  Manual  of  Concrete  Inspection,"  SP-2  (ACI  1992). 

“Guide  for  Measuring,  Mixing,  Transporting,  and  Placing  Concrete," 

ACI  304R  (ACI  1993c). 

“Guide  for  Consolidation  of  Concrete,"  ACI  309R  (ACI  1993e). 

“Design  and  Control  of  Concrete  Mixtures,"  (Kosmatka  and 
Panarese  1988). 

Concrete  mixture  proportions  should  not  be  adjusted  to  avoid  complaints  if  this 
involves  accepting  materials  that  are  out  of  specification  or  improper  transporting, 
placing,  or  consolidation  procedures.  Many  complaints  of  inadequate  workability 
could  be  eliminated  by  following  proper  aggregate  handling  and  Ifesh  concrete 
transporting,  placing,  and  consolidating  procedures.  Neeley  (1993)  also 
concluded  that; 

by  their  nature,  mass  concrete  mixtures  are  lean  and,  if  not  properly 
proportioned,  can  be  harsh.  It  should  be  recognized  that  laboratory 
conditions  where  mixtures  are  proportioned  are  often  nearly  ideal 
and  always  different  from  the  actual  field  conditions.  While  CE 
field  staff  members  are  responsible  for  assuring  that  the  contractor 
uses  materials  that  meet  specifications  and  proper  procedures  to  mix, 
transport,  place,  and  consolidate,  the  laboratory  staff  who  proportion 
mass  mixtures  should  do  so  realizing  that  field  conditions  are  never 
ideal.  Mixtures  should  be  proportioned  in  such  a  way  to 
accommodate  a  reasonable  amount  of  field  variations  without  causing 
excessively  harsh  mixtures.  The  solution  may  be  to  increase  the 
mortar  content  by  a  small  enough  amount  to  provide  additional 
workability  without  causing  an  excessive  increase  in  temperature 
rise.  This  scenario  may  now  be  possible  with  increasing  amounts  of 
fly  ash,  or  other  pdzzolan  or  ground  slag  constituting  the 
cementitious  material. 

It  was  recommended  that  a  laboratory  investigation  be  initiated  to  examine  the 
feasibility  of  suggesting  a  minimum  mortar  content  in  37.5-mm  (1-1/2-in.) 
nominal  maximum  size  aggregate  (NMS A)  mass  concrete  similar  to  that  for 
75-mm  (3-in.)  NMSA  mass  concrete.  It  was  also  recommended  that  a  laboratory 
investigation  be  initiated  to  exantine  the  feasibility  of  suggesting  a  paste-mortar 
ratio  in  37.5-mm  (1-1/2-in.)  and  75-mm  (3-in.)  NMSA  mass  concrete  similar  to 
that  for  roller-compacted  concrete. 

As  a  continuation  of  this  program,  this  report  documents  the  investigation  into 
the  potential  benefits  of  minimum  and  maximum  mortar  contents  for  37.5-mm 
(1-1/2-in.)  NMSA  mass  concrete,  and  minimum  and  maximum  paste-mortar 
ratios  for  37.5-mm  (1-1/2-in.)  and  75-mm  (3-in.)  NMSA  mass  concrete. 
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Mortar  Content 


Historically,  most  mass  concretes  have  contained  either  75-mm  (3-in.)  or 
150-mm  (6-in.)  NMSA,  and  appropriate  guidance  for  proportioning  these 
mixtures  is  available.  ACI  Standard  211,  “Standard  Practice  for  Selecting 
Proportions  for  Normal,  Heavyweight,  and  Mass  Concrete,”  (ACI  1993b) 
recommends  minimum  and  maximum  mortar  contents  for  mass  concretes  having 
75-mm  (3-in.)  and  150-mm  (6-in.)  NMSA.  The  Committee  211  report  states  that 
“experience  has  demonstrated  that  large  aggregate  mixtures,  75-mm  (3-in.)  and 
150-mm  (6-in.)  NMSA,  require  a  minimum  mortar  content  for  suitable  placing 
and  workability  properties."  The  minimum  mortar  content  is  that  which  will  be 
necessary  to  provide  adequate  workability  for  placement  and  consolidation.  The 
maximum  mortar  content  is  suggested  to  prevent  unnecessarily  high  cementitious 
contents  which  would  generate  an  undesirable  amount  of  heat  and  increase  the 
temperature  rise  of  the  mass  of  concrete. 

The  Committee  211  report  also  places  emphasis  upon  the  combined  grading  of 
the  coarse  aggregates.  It  states  that  the  individual  size  groups  should  be  combined 
to  produce  a  grading  that  approaches  maximum  density.  This  minimizes  void 
space  allowing  more  of  the  mortar  to  be  available  for  workability,  placability,  and 
finishability.  The  parabolic  maximum  density  curve  (Eq.  1)  originally  developed 
from  work  by  Fuller  and  Thompson  (1907)  and  later  modified  by  others, 
including  Plum  (1950),  is  suggested  as  a  guide  for  approaching  maximum  density 
with  75-mm  (3-in.)  and  150-mm  (6-in.)  NMSA.  The  exponents,  0.5  and  0.8,  are 
suggested  based  upon  the  results  of  numerous  dry-rodded  weights  obtained  with 
various  types  of  coarse  aggregates  (Tynes  1968). 

„  d*  -  4.75=' 

P  =  -  (1) 

D  *  -  4.75*  ^  ^ 

where 

P  =  cumulative  percent  passing  the  d-size  sieve 
d  =  sieve  opening,  mm 

D  =  NMSA,  mm 

x  =  exponent  (0.5  for  rounded  and  0.8  for  crushed  aggregate) 

4.75  =  minimum  size  aggregate  included,  mm 

It  is  not  expected  that  the  combined  grading  of  the  individual  aggregate  size 
groups  match  the  parabolic  maximum  density  curve  perfectly.  The  grading  of  the 
individual  aggregate  size  groups  will  be  a  limiting  factor  determining  how  closely 
the  maximum  density  grading  can  be  matched.  The  dry  rodded  unit  weight 
method  is  suggested  for  combining  individual  size  groups  up  to  a  maximum  of 
37.5-mm  (1-1/2-in.)  to  approach  maximum  density. 

In  recent  years,  an  increasing  amount  of  mass  concrete  has  been  placed  using 
smaller  NMSA.  The  authors  have  proportioned  mass  concrete  nuxtures  for 
construction  of  four  hydraulic  structures  in  the  CE  in  the  past  10  years  which  used 
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37.5-nim  (1-1/2-in.)  NMSA.  The  authors  have  also  proportioned  mass  concrete 
mixtures  for  structural  applications  using  19.0-mm  (%-in.)  and  9.5-mm  (%-in.) 
NMSA.  Proportioning  mass  concrete  mixtures  having  adequate  workability, 
placability,  and  finishability  characteristics  can  sometimes  be  more  difficult  with 
the  smaller  NMSA.  The  smaller  aggregate  necessitates  an  increased  mortar 
content  (water,  cementitious  material,  fine  aggregate,  air),  yet  the  need  to  limit 
heat  generated  and  temperature  rise  requires  the  cementitious  material  be  held  to  a 
minimum.  The  practitioner  must  weigh  each  of  these  requirements  when 
proportioning  mass  concrete  mixtures.  Unfortunately,  there  is  little,  if  any, 
guidance  for  minimum  mortar  contents  in  concretes  having  NMSA  less  than 
75-inm  (3-in.).  Therefore,  the  experience  of  the  person  proportioning  the  mass 
mixtures  with  smaller  NMSA  can  have  a  significant  impact  upon  the  outcome  of 
the  mixtures;  i.e.,  has  the  cementitious  content  been  minimized  as  much  as 
possible  to  reduce  the  generation  of  heat,  and  will  the  mixtures  have  adequate 
workability,  placeability,  and  finishability  when  proper  procedures  are  followed. 

Another  factor  that  must  be  considered  is  material  variation  in  the  field. 
Mixtures  are  proportioned  in  the  laboratory  using  a  small,  presumably 
representative  sample  of  materials  that  have  been  selected  for  use.  Optimum 
mixtures  will  be  proportioned  using  these  materials.  However,  caution  must  be 
exercised  to  avoid  proportioning  the  mixtures  such  as  to  have  barely  adequate 
workability  in  the  laboratory  mixtures.  It  must  be  recognized  that  some  material 
variation  in  the  field  is  normal,  especially  involving  aggregates.  If  the  laboratory 
mixtures  are  proportioned  with  aggregates  with  a  favorable  combined  grading, 
and  subsequent  variations  in  the  field  produce  a  less  favorable  grading,  then 
workability  problems  can  result.  The  minimum  mortar  content  guidance  in 
ACI  211  (ACI  1993b)  addresses  this  concern  for  mass  concrete  mixtures  having 
75-mm  (3-in.)  and  150-mm  (6-in.)  NMSA.  One  purpose  of  this  investigation  is  to 
determine  if  similar  principles  can  also  apply  to  mass  concrete  mixtures  having 
smaller  NMSA. 


Paste-Mortar  Ratio 

The  ACI  Committee  207  report  “Roller  Compacted  Mass  Concrete”  (ACI 
1993a)  describes  several  different  concepts  and  procedures  for  proportioning 
roller  compacted  mass  concrete  (RCC).  One  of  the  methods  involves  determining 
the  minimum  paste  requirement  for  the  proposed  fine  aggregate  after  the  coarse 
aggregate  grading  has  been  selected.  Normally,  the  void  content  of  fine  aggregate 
ranges  from  34  to  42  percent.  The  goal  of  this  method  is  to  determine  the 
minimum  paste  (water,  cementitious  material,  and  air)  necessary  to  fill  the  voids 
between  the  fine  aggregate  particles  and  provide  some  additional  paste  which  will 
be  needed  to  ensure  necessary  workability  to  the  mixture.  For  RCC,  this  extra 
paste  is  minimal.  For  slumpable  concretes,  a  larger  amount  of  extra  paste  will  be 
necessary.  The  Committee  207  report  states  that  air-free  paste-mortar 
ratios  (p/m),  by  volume,  of  0.38  for  interior  mass  concretes  and  0.42  for  bedding 
mixtures  have  generally  been  found  acceptable.  Another  purpose  of  this 
investigation  was  to  determine  if  similar  principles  can  be  applied  to  slumpable. 


Chapter  1  Introduction 


5 


mass  concrete  mixtures  to  improve  their  workability,  placeability,  and 
finishability. 


Objectives 

The  objectives  of  this  research  were  three-fold.  The  first  objective  was  to 
examine  the  feasibility  of  requiring  a  minimum  mortar  content  in  37.5-mm 
(1-1/2-in.)  NMSA  mass  concrete  similar  to  the  requirement  for  75-mm  (3-in.) 
NMSA  mass  concrete.  The  second  and  third  objectives  were  to  examine  the 
feasibility  of  requiring  a  p/m  in  37.5-mm  (1-1/2-in.)  and  75-mm  (3-in.)  NMSA 
mass  concretes  similar  to  the  requirement  for  RCC.  Concretes  having  two 
different  37.5-mm  (1-1/2-in.)  coarse  aggregates  were  evaluated  for  mortar 
content  and  p/m.  One  was  a  crushed  material  consisting  primarily  of  blocky 
particles.  The  other  was  a  crushed  material  having  more  fiat  and  elongated 
particles. 


Scope 

A  number  of  mass  concrete  mixtures  that  had  been  proportioned  at  the 
U.S.  Army  Engineer  Waterways  Experiment  Station  (WES),  Concrete  and 
Materials  Division  (CMD),  in  recent  years  were  surveyed  to  determine  typical 
mortar  contents  and  p/m  used.  Using  these  typical  values  as  a  starting  point,  mass 
concrete  mixtures  having  37.5-mm  (1-1/2-in.)  and  75-mm  (3-in.)  NMSA  were 
then  proportioned  having  a  range  of  mortar  contents  and  p/m  encompassing  the 
historical  values.  The  fresh  properties  of  each  mixture  were  evaluated  using  a 
variety  of  test  methods.  The  re^ts  were  evaluated  with  consideration  given  to 
actual  mixtures  used  in  construction  which  exhibited  good  workability  and  other 
mixtures  which  were  more  troublesome  during  actual  field  placements.  Many  of 
the  measurements  were  made  in  non-SI  units  and  converted  to  SI  units  using 
conversion  values  in  American  Society  for  Testing  and  Materials  (ASTM)  E  380 
(ASTM  1993m). 
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2  Concrete  Mixtures 


Review  of  Recent  Mass  Concrete  Mixtures 

37.5-mm  (1-1/2-in.)  NMSA  mixtures 

A  total  of  91  mixtures  that  had  been  proportioned  between  the  years  1974  and 
1992  for  eleven  different  projects  were  examined.  Natural  sand  fine  aggregate 
was  used  at  10  of  the  11  projects.  A  manufactured  limestone  fine  aggregate  was 
used  at  the  remaining  project.  Coarse  aggregates  included  natural  gravel,  crushed 
limestone,  and  crushed  granite.  A  complete  listing  of  materials  and  other 
pertinent  properties  are  given  in  Appendx  A,  Table  Al. 

Hie  mortar  content  and  p/m  were  calculated  for  each  of  the  mixtures.  Ail 
subsequent  references  to  mortar  content  are  based  on  a  1-m^  batch. 

Corresponding  mortar  contents  shown  in  parentheses  are  for  a  1-yd^  batch.  The 
relationship  between  water-cement  ratio  (w/c)  and  both  mortar  content  and  p/m 
for  all  mixtures  are  shown  in  Figures  Al  and  A2,  respectively.  The  relationship 
between  the  mortar  content  and  p/m  for  all  mixtures  is  shown  in  Figure  A3. 
Averages  for  each  type  of  coarse  aggregate  are  shown  in  Figures  1,  2,  and  3.  A 
description  of  the  acronyms  used  to  identify  each  type  of  coarse  aggregate  in  the 
figures  is  given  in  Appendix  A.  It  can  be  seen  from  Figures  1  and  3  that  mixtures 
containing  all  crushed  coarse  aggregates  used  a  higher  mortar  content  than 
mixtures  which  contained  natural  gravel  coarse  aggregates  or  a  combination  of 
crushed  and  natural  gravel  coarse  aggregates.  Mixtures  containing  crushed  coarse 
aggregates  generally  used  approximately  0.537  m^  (14.5  ft*)  of  mortar  while 
mixtures  containing  natural  gravel  coarse  aggregates  used  approximately  0.515 
m*  (13.9  ft*)  of  mortar.  The  mortar  content  did  not  appear  to  be  significantly 
affected  by  the  w/c  nor  the  p/m.  Figures  2  and  3  indicate  that  the  p/m  remained 
relatively  constant  at  46  to  47  percent,  regardless  of  flie  w/c  and  mortar  content. 

It  is  suggested  from  this  examination  of  existing  37.5-mm  (1-1/2-in.)  NMSA 
mass  concrete  mixtures  that  the  p/m  remains  relatively  constant  at  approximately 
46  to  47  percent  >^en  the  slump  is  generally  between  50  and  75  mm.  It  is  also 
suggested  that  the  mortar  content  ranges  from  approximately  0.515  m* 

(13.9  ft*)  for  mixtures  contaitung  natural  gravel  coarse  aggregates  to 
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VOLUME  OF  MORTAR,  cum 
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Figure  1 .  Average  mortar  content  of  37.5-mm  NMSA  mass  concrete 
mixtures  reviewed  for  historical  data 
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Figure  2.  Average  paste/mortar  of  37.5-mm  NMSA  mass  concrete  mixtures 
reviewed  for  historical  data 
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Figure  3.  '  Relationship  of  average  mortar  content  and  paste/mortar  of 

37.5-mm  NMSA  mass  concrete  mixtures  reviewed  for  historical 
data 


approximately  0.537  (14.5  fl^)  for  mixtures  containing  crushed  coarse 

aggregates.  Hierefore,  it  is  possible  that  these  two  parameters  could  be  effective 
guides  to  assist  in  the  proportioning  of  mass  concrete  mixtures  using  37.5-mm 
(1-1/2-in.)  NMSA. 


75-mm  (3-in.)  NMSA  mixtures 

A  total  of  17  mixtures  that  had  been  proportioned  between  the  years  1974  and 
1992  for  four  different  projects  were  examined.  Natural  sand  line  aggregate  was 
used  at  three  of  the  four  projects.  A  manufactured  limestone  fine  aggregate  was 
used  at  the  remaining  project.  The  coarse  aggregate  was  crushed  limestone  in 
each  project.  A  complete  listing  of  materials  and  other  pertinent  properties  are 
given  in  Appendix  A,  Table  A2. 

The  mortar  content  and  p/m  were  calculated  for  each  of  the  mixtures.  All 
subsequent  references  to  mortar  content  are  based  on  a  1-m^  batch. 
Corresponding  mortar  contents  shown  in  parentheses  are  for  a  1-yd^  batch.  The 
relationship  between  w/c  and  both  mortar  content  and  p/m  for  all  mixtures  are 
shown  in  Figures  A4  and  A5,  respectively.  The  relationship  between  the  mortar 
content  and  p/m  for  all  mixtures  is  shown  in  Figure  A6.  Averages  are  shown  in 
Figures  4,  5,  and  6.  It  can  be  seen  from  Figures  4  and  6  that  mixtures  containing 
die  manufactured  limestone  fine  aggregate  used  a  higher  mortar  content  than 
mixtures  which  contained  natural  fine  aggregates.  Mixtures  containing 
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Figure  4.  Average  mortar  content  of  75-mm  NMSA  mass  concrete  mixtures 
reviewed  for  historical  data 


WATER/CEMENT 

Figure  5.  Average  paste/mortar  of  75-mm  NMSA  mass  concrete  mixtures 
reviewed  for  historical  data 
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Figure  6.  Relationship  of  average  mortar  content  to  paste/mortar  of  75-mm 
NMSA  mass  concrete  mixtures  reviewed  for  historical  data 

manufactured  limestone  fine  aggregate  generally  used  approximately  0.478  m^ 
(12.9  ft^)  of  mortar  while  mixtures  containing  natural  fine  aggregates  used 
approximately  0.447  m^  (12.0  ft^)  of  mortar.  As  shown  in  Figures  5  and  6,  the 
paste/mortar  of  the  mixtures  containing  manufactured  limestone  fine  aggregate 
was  also  higher  than  that  of  the  mixtures  containing  natural  fine  aggregate; 
approximately  50  percent  versus  44  percent,  respectively. 


Manufactured  limestone  finejaggregate 
Crushed  limestone  coarse  aggregate 


Natural  fine  aggreg^e 
Crushed  limestone  coarse  aggregate! 


Materials  Used  In  Current  Investigation 


A  listing  of  the  materials  used  to  proportion  the  37.5-mm  (1-1/2-in.)  and 
75-mm  (3-in.)  NMSA  mass  concrete  mixtures  used  in  the  current  investigation  is 
provided  here.  The  numbers  in  parenthesis  following  each  material  are  CTD 
identification  numbers  assigned  to  all  materials  used  in  research  programs  to 
ensure  traceability. 


Cement 

Portland  cement,  Type  II  (940054) 


Chapter  2  Concrete  Mixtures 


11 


Pozzolan 


Fly  ash,  class  C  (LMK-4  AD-4) 


Aggregates 

Natural  sand  fine  aggregate  (920100) 

9.5- mm  (%-in.)  nominal  maximum  size  (NMS)  crushed  limestone  coarse 
aggregate  (920337) 

19.0-mm  (94 -in.)  NMS  crushed  limestone  coarse  aggregate  (92(X)48) 

37.5- mm  (1-1/2-in.)  NMS  crushed  limestone  coarse  aggregate  (CL-2  MG-2) 
75-mm  (3-in.)  NMS  crushed  limestone  coarse  aggregate  (920322) 

19.0-mm  (94 -in.)  NMS  crushed  granite  coarse  aggregate  (940294) 

37.5-mm  (1-1/2-in.)  NMS  crushed  granite  coarse  aggregate  (940295) 


Admixtures 

Air-entraining  admixture  (AEA)  (920090) 

The  sieve  analysis  (ASTM  C  136  (ASTM  1993c))  of  each  aggregate  and 
values  of  absorption  and  specific  gravity  (ASTM  C  127  (coarse  aggregate)  and 
C  128  (fine  aggregate))  (ASTM  1993a, b)  are  given  in  Table  1.  The  portland 
cement  conformed  to  Type  II  requirements  of  ASTM  C  150  (ASTM  1993f).  The 
fly  ash  conformed  to  Class  F  requirements  of  ASTM  C  618  (ASTM  1993k). 
Physical  and  chemical  properties  of  the  cement  and  fly  ash  are  given  in  Tables  2 
and  3,  respectively. 

The  19.0-mm  (94 -in.)  and  37.5-mm  (1-1/2-in.)  NMS  crushed  limestone  coarse 
aggregates  were  generally  blocl^  and  were  judged  to  have  a  fiivorable  particle 
shape  for  crushed  coarse  aggregates.  The  crushed  granite  and  the  9.5-nim 
(%-in.)  NMS  crushed  limestone  coarse  aggregate  contained  more  fiat  and 
elongated  particles  and  were  judged  to  have  a  less  favorable  particle  shape  for 
crushed  coarse  aggregates.  Particle  shape  classifications  as  described  in  ASTM 
D  4791  (ASTM  19930  for  each  of  the  aggregates  listed  above  are  given  in 
Table  4.  Natural  gravel  coarse  aggregates  were  not  included  in  this  investigation. 
However,  it  can  be  assumed  that  they  would  usually  have  a  more  favorable 
particle  shape  than  either  of  the  crushed  materials.  Principles  shown  to  be 
applicable  to  the  coined  coarse  aggregates  could  be  extended  to  the  natural  gravel 
coarse  aggregates  with  additional  research. 
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Table  3 

Report  of  Tests  on  Pozzolan 

TO:  Billy  Neeley 

Structures  Laboratory 

LMK-4  AD-4 

FROM:  Structures  Laboratory 

USAE  Waterways  Experiment  Station 

ATTN:  Cement  and  Pozzolan  Unit 

PO  Box  631 

Vicksburg.  MISSISSIPPI  39180-631 

LOCATION:  Boyce,  LA 


SPECIFICATION:  ASTM  C  618,  Class  C 


CONTRACT  NO.:  Red  River  Waterway  Thermal  Study 


TEST  RESULTS  OF  THIS  SAMPLE  _ 


[REPORT  DATE: _ 


DATE  SAMPLE: 


PROGRAM:  3  Mar  88 


WITH  SPECIFICATION  LIMITS 


AI2O3 

MqO 

3 

a 

DO  NOT  COMPLY 


POZZOLANIC 
STRENGTH 
%  CONTROL  (b) 


REQUIREMENTS 


AUTOCLAVE 

EXPANSION 

% 


MINIMUM 


TEST  RESULTS 


MOISTURE 

LOSS  OF 

FINENESS 

FINENESS 

LIME 

WATER 

DENSITY 

REQUIREMENTS 


MAXIMUM  MAXIMUM  MAXIMUM  MAXIMUM  MAXIMUM  MAXIMUM 


(a)  OPTIONAL  REQUIREMENT  I 

(b)  28  DAY  TEST  I 


REMARKS: 

Si02:  36.5;Fe203:  6.5:  AI2O3:  18.2 
CQSCL383A1SR300 


LABORATORY  CEMENT  USED: 
LABORATORY  LIME  USED:  CHEMSTONE 


Toy  S.  Poole 

Chief.  Cement  and  Pozzolan  Unit 

NOtE:  THE  INFORMATION  GIVEN  IN  THIS  REPORT  SHALL  NOT  BE  USED  IN  ADVERTISING  OR  SALES  PROMOTION  TO 
INDICATE  EITHER  EXPLICITLY  OR  IMPLICITLY  ENDORSEMENT  OF  THIS  PRODUCT  BY  THE  U.S.  GOVERNMENT. 


FORM  EDITION  OF  1  SEP  84  IS  OBSOLETE 

WES  1195 

R  AUG  87 
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Table  4 

Coarse  Aggregate  Particle  Shape 

Aggregate 

Not  Flat  or  Elongated,  % 

Flat  or  Elongated,  % 

37.5-mm  (1-1/2-in.)  NMS 
crushed  limestone 

97 

3 

19.0-mm  (%-in.)  NMS 
crushed  limestone 

95 

5 

9.5-mm  (%-in.)  NMS 
crushed  limestone 

41 

59 

37.5-mm(1-l/2-in.)  NMS 
crushed  granite 

70 

30 

19.0-mm  (%-in.)  NMS 
crushed  granite 

49 

51 

Mixture  Proportions 


37.5-mm  (1-1 /2-in.)  NMSA  mixtures 

Mixtures  having  w/c  of  0.50  and  0.60,  by  mass,  were  proportioned  and  tested. 
Thirty-five  percent  of  the  cementitious  material,  by  volume,  was  fly  ash.  The 
coarse  aggregates  were  separated  into  two  groups,  those  with  a  favorable  particle 
shape  and  those  with  a  less  favorable  particle  shape.  The  group  having  a 
favorable  particle  shape  consisted  of  the  19.0-mm  (?4-in.)  and  37.5-mm 
(1-1/2-in.)  NMS  crushed  limestone.  The  group  having  a  less  favorable  particle 
shape  consisted  of  the  9.5-mm  (%-in.)  NMS  crushed  limestone  and  the  19.0-mm 
(?4-in.)  and  37.5-mm  (1-1/2-in.)  NMS  crushed  granite.  A  range  of  mortar 
contents  and  p/m  were  evaluated  for  each  group  of  coarse  aggregate  and  w/c.  A 
test  matrix  is  given  in  Table  5. 

Favorable  coarse  aggregate  particle  shape.  Mixtures  containing  coarse 
aggregates  with  a  favorable  particle  shape  were  evaluated  at  mortar  contents 
ranging  from  0.504  to  0.548  m^  for  a  w/c  of  0.50,  and  at  mortar  contents  ranging 
from  0.504  to  0.559  m^  for  a  w/c  of  0.60.  Five  difierent  p/m’s  were  used  at  each 
mortar  content.  The  combination  of  coarse  aggregates  was  53  percent  37.5-mm 
(1-1/2-in.)  NMS  crushed  limestone  and  47  percent  19.0-mm  (%-in.)  NMS 
crushed  limestone.  The  combined  grading  is  shown  in  Figure  7.  A  total  of  55 
mixtures  were  proportioned  and  tested. 

Less  favorable  coarse  aggregate  particle  shape.  Mixtures  containing  coarse 
aggregates  with  a  less  favorable  particle  shape  were  evaluated  at  mortar  contents 
ranging  from  0.515  to  0.548  m^  for  a  w/c  of  0.50,  and  at  mortar  contents  ranging 
from  0.526  to  0.548  m^  for  a  w/c  of  0.60.  Either  three  or  four  different  p/m’s 
were  used  at  each  mortar  content.  The  combination  of  coarse  aggregates  was 
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Table  5 

Test  Matrix 

w/c. 

Mortar  Content, 

Aggregate  Shape 

wt 

in 

p/m 

Favorable 

0.50 

0.504 

0.4466  to  0.4966 

Favorable 

0.50 

0.515 

0.4453  to  0.4953 

Favorable 

0.50 

0.526 

0.4441  to  0.4941 

Favorable 

0.50 

0.537 

0.4430  to  0.4030 

Favorable 

0.50 

0.548 

0.4418  to  0.4918 

Favorable 

0.60 

0.504 

0.4228  to  0.4728 

Favorable 

0.60 

0.515 

0.4215  to  0.4715 

Favorable 

0.60 

0.526 

0.4202  to  0.4702 

Favorable 

0.60 

0.537 

0.4190  to  0.4690 

Favorable 

0.60 

0.548 

0.4178  to  0.4678 

Favorable 

0.60 

0.559 

0.4167  to  0.4467 

Less  Favorable 

0.50 

0.515 

0,4591  to  0.4941 

Less  Favorable 

0.50 

0.526 

0.4549  to  0.4949 

Less  Favorable 

0.50 

0.537 

0.4526  to  0.4926 

Less  Favorable 

0.50 

0.548 

0.4512  to  0.4912 

Less  Favorable 

0.60 

0.526 

0.4315  to  0.4715 

Less  Favorable 

0.60 

0.537 

0.4294  to  0.4694 

Less  Favorable 

0.60 

0.548 

0.4306  to  0.4706 

47  percent  37.5-mm  (1-1/2-in.)  NMS  crushed  granite,  43  percent  19.0-mni 
(?4-in.)  NMS  crushed  gramte,  and  10  percent  9.5-mm  (%-in.)  NMS  crushed 
limestone.  The  combined  grading  is  also  shown  in  Figure  7.  A  total  of  23 
mixtures  were  proportioned  and  tested. 


75-mm  (3-in.)  NMSA  mixtures 

Mixtures  having  w/c  of  0.50,  by  mass,  were  proportioned  and  tested.  Thirty- 
five  percent  of  the  cementitious  material,  by  volume,  was  fly  ash.  The  coarse 
aggregates,  consisting  of  the  19.0-mm  (%-in.),  37.5-mm  (1-1/2-in.),  and  75-mm 
(3-in.)  NMS  crushed  limestone,  were  considered  to  have  a  favorable  particle 
shape.  The  combination  of  coarse  aggregates  was  55  percent  75-mm  (3-in.)  NMS 
crushed  limestone,  23  percent  37.5-mm  (1-1/2-in.)  NMS  crushed  limestone,  and 
22  percent  19.0-mm  (%-in.)  NMS  crushed  limestone.  The  combined  grading  of 
die  coarse  aggregates  is  shown  in  Figure  8.  The  mortar  content  was  0.445  m^ 
(12.0  ft^),  and  p/m  ranged  firom  44.6  to  46.6  percent.  Three  mixtures  were 
proportioned  and  tested. 


Tests 


Tests  performed  on  the  firesh  concrete  included  slump  (ASTM  C  143)  (ASTM 
1993e),  air  content  (ASTM  C  231)  (ASTM  1993h),  unit  weight  (ASTM  C  138) 
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Combined  grading  of  coarse  aggregate  used  in  37.5-mm  (1-1 /2-in.) 
NMSA  mixtures 


SIEVE  SIZE,  mm 

Favorably  shaped 


Combined  grading  of  coarse  aggregates  used  in  75-mm  (3-in.) 
NMSA  mixtures 
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(ASTM  1993d),  bleed  (ASTM  C  232)  (ASTM  19931),  and  a  modified  Vebe  test 
similar  to  British  Standard  Method  for  Determination  of  Vebe  Time  (BS  1881: 
Part  104)  (British  Standards  Institute  1983).  The  British  Vebe  test  procedure  was 
modified  to  use  a  larger  sample  of  concrete.  Otherwise,  the  test  procedure  was 
essentially  unchanged.  The  modified  test  procedure  is  given  in  Appendix  B.  The 
Vebe  test  was  included  in  the  investigation  because  it  provides  a  measure  of  the 
mobility  and  compactability  of  concrete  under  vibration,  while  the  slump  test 
provides  a  measure  of  the  consistency  of  the  concrete  under  static  conditions.  The 
size  of  the  Vebe  apparatus  was  increased  for  two  reasons:  (a)  the  authors 
believed  that  a  larger  sample  might  provide  a  more  representative  measure  of  the 
mobility  and  compactability,  and  (b)  the  larger  size  was  necessary  to  be  able  to 
test  mixtures  having  75-mm  (3-in.)  NMSA  without  wet  sieving  to  remove  the 
larger  particles.  Test  results  on  wet-sieved  material  without  the  large  aggregate 
particles  may  not  adequately  represent  the  workability  and  placability  of  the  actual 
concrete. 

Test  results  for  mixtures  containing  a  37.5-mm  (1-1/2-in.)  NMS  coarse 
aggregate  of  favorable  particle  shape  are  given  in  Table  6.  Each  result  represents 
the  average  from  at  least  two  batches  of  concrete.  Test  results  for  mixtures 
containing  a  less  favorable  37.5-mm  (1-1/2-in.)  NMS  coarse  aggregate  particle 
shape  are  given  in  Table  7.  Each  result  represents  the  average  from  at  least  two 
batches  of  concrete.  Test  results  for  mixtures  containing  75-mm  (3-in.)  NMSA 
are  given  in  Table  8. 
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Table  6 

Test  Results  on  37.5-nim  (1-1 /2-in.)  NMSA  Mixtures  with  Favorably  Shaped  Coarse  Aggregate 
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Table  8 

Test  Results  on  75-mm  (3-in.)  IMMSA  Mixture  with  Favorably  Shaped 
Coarse  Aggregate 


Mixture 

Mortar 

Content, 

Water 

Content, 

Slump, 

Air 

Content, 

Unit 

Weight, 

Vebe 

time. 

No. 

m 

p/m 

kg/m^ 

mm 

% 

kg/m^ 

sec 

16 

0.445 

0.446 

92 

25 

5.4 

2.356 

47 

17 

0.445 

0.456 

95 

40 

5.6 

2,353 

62 

18 

0.445 

0.466 

98 

45 

5.5 

2,353 

60 
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3  Discussion  and  Analysis 


37.5-mm  (1-1/2-in.)  NMSA  Mixtures 


Criteria 

Consi(ieration  was  given  to  actual  mixtures  used  in  construction  that  exhibited 
good  workability,  and  some  which  were  more  troublesome,  to  estimate  what 
would  be  an  appropriate  Vebe  time  to  describe  a  nuxture  easily  consolidated.  It 
was  also  noted  that  historically,  37.5-mm  (1-1/2-in)  NMSA  mass  concrete 
mixtures  have  been  proportioned  to  have  slumps  ranging  from  40  to  75  mm  (1-1/2 
to  3  in.).  Using  these  criteria,  it  is  suggested  that  a  Vebe  time  of  12  to  20  seconds 
would  indicate  that  a  mixture  has  adequate  workability  to  be  easily  placed  and 
consolidated.  The  following  discussion  is  based  on  these  assumptions. 


Favorable  coarse  aggregate  particle  shape 

Fifty  four  mixtures  were  evaluated  as  shown  in  Tables  5  and  6.  Plots  of  p/m 
versus  Vebe  time  at  each  mortar  content  are  shown  in  Figures  9  and  10  for  w/c  of 
0.50  and  0.60,  respectively.  Slump  values  are  indicated  on  each  curve  at  the 
appropriate  location.  The  data  indicate  that  for  a  given  p/m,  the  Vebe  time 
necessary  to  consolidate  the  sample  decreases  as  the  mortar  content  increases.  A 
corresponding  increase  in  slump  is  also  indicated  as  the  mortar  content  increased 
in  the  mixtures  having  a  0.50  w/c.  For  a  given  mortar  content,  the  Vebe  time 
necessary  to  consolidate  the  sample  decreases  as  the  p/m  increases;  however,  it 
does  not  appear  to  be  a  linear  relationship.  There  appears  to  be  a  close 
relationship  between  the  p/m  and  slump.  Regardless  of  the  mortar  content,  the 
slump  increases  as  the  p/m  increases.  Each  of  these  relationships  between  the 
mortar  content,  p/m,  slump,  and  Vebe  time  were  expected.  The  data  provide 
quantification  of  the  relationships. 

Mixtures  with  0.50  w/c.  The  data  indicate  that  mixtures  having  mortar 
contents  of  0.526  m^  (14.2  fp)  and  less  could  be  judged  difficult  to  consolidate 
when  die  slump  is  less  tiian  50  mm  (2  in.).  Higher  p/m  were  necessary  to  reduce 
tile  Vebe  time.  While  the  higher  p/m  did  not  necessarily  increase  the  water 
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Figure  9.  Vebe  times  for  37.5-mm  (1-1 /2-in.)  NMSA  mixture  using  favorably  shaped  coarse  aggregate  particles  and  having  a  0.50  w/c 
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Figure  10.  Vebe  times  for  37.5-mm  (1-1 /2-in.)  NMSA  mixture  using  favorably  shaped  coarse  aggregate  particles  and  having  a  0.60  w/c 


content  above  ttiat  of  mixtures  having  higher  mortar  contend,  tihe  higher  p/m  tttd 
result  in  ha^r  dumps.  From  a  visual  observati<»,  flie  mixtores  having  a  lower 
nrortar  content  and  hij^er  p/m  appeared  to  be  “wet.”  Mortar  coating  the  coarse 
aggregate  particles  tad  a  iwticeable  water  dieen.  Yet  ftese  mixtures  could  be 
more  difficult  to  consolidate  than  other  mixtures  having  a  lower  p/m  tat  higher 
mortar  content.  Ihe  data  indicate  tsat  mixftues  having  mortar  contents  of 
0.537  m*  (14.5  ff)  and  M^r  reared  less  vibratory  effort  to  con«)lidate. 

Lower  p/m  cmid  be  used  while  maintaining  a<te<|t}ate  slumps  of  40  to  75  mm 
(1-1/2  to  3  w.).  Paste-mortar  ratic^  of  approximately  0.45  to  0.46  appeared  to 
result  in  slumps  between  40  and  75  mm  (1-1/2  to  3  in.). 

^fixtures  wifli  0,60  w/c.  The  data  indicate  diat  mixtures  having  mortar 
contend  trf  0.515  ra^  (13.9  fP)  ard  te  could  be  judged  difficult  to  consolidate 
when  toe  dump  is  tes  toan  50  mm  (2  in.).  Hi^er  p/m  were  necessary  to  reduce 
toe  Vebe  tone.  While  toe  higher  p/m  did  not  mcessarily  incre^  toe  water 
content  above  toat  of  mixtores  having  hi^er  mortar  contents,  toe  hi^er  p/m  did 
result  in  higher  slumps.  From  a  visual  ta^rvation,  m  was  toe  case  at  a  0.50  w/c, 
toe  mixtures  having  a  lower  mortar  content  and  M^er  p/m  appeared  to  be  “wet” 
Mortar  coating  toe  coaise  ag^egate  particles  tad  a  itoticeable  water  sheen.  Yet 
these  mixtores  could  be  more  difficult  to  consolidate  toan  otoer  mixtores  having  a 
lower  p/m  tat  hi^er  mortar  content  The  data  Wicate  toat  mixtores  having 
mortar  contents  of  0.526  m®  (14.2  ft^  and  hi^r  required  le^  vibratory  effort  to 
consolidate.  Lower  p/m  could  be  used  while  maintaining  adeqpjate  slum|«  of  40 
to  75  mm  (1-1/2  to  3  in.).  P^te-mortar  mtios  of  approximately  0,43  to  0.44 
appeared  to  result  in  slumps  between  40  and  75  mm  (1-1/2  to  3  in,). 


Ov^all.  Tlte  date  support  toe  statement  by  ACI  Committee  211  toat  a 
minimum  mortar  content  is  necessary  for  Mtable  workability  and  placeability. 
While  Committee  21 1  was  referring  to  75-mm  (3-in.)  aial  150-mm  (6-in.)  NMSA 
nte^  concrete  mixtores,  toe  above  data  suggest  toat  the  relationdiip  is 
applicable  for  mass  concrete  nmxtares  containing  37.5-mm  (1-1/2-in.)  NMSA.  As 
w(^d  be  expected,  toere  appears  to  be  a  #rect  relationship  between  slump  ami 
p/m.  The  resulting  increase  in  water  content  wito  an  increase  in  toe  p/m  provides 
for  an  increase  in  slump.  However,  the  date  point  out  toat  an  incrme  in  slump  is 
not  always  toe  most  effective  way  to  make  a  concrete  mixture  easier  to 
consolidate.  Perhai^  a  mx&  desirable  apprmch  would  be  to  provide  for  an 
adetyiate  proportion  of  mortar  while  holding  toe  p/m  to  toe  minimum  necessary  to 
achieve  ita  required  slump  at  toat  mortar  content.  As  shown  in  Kgures  1 1 
and  12,  toe  Vebe  time  required  to  consolidate  a  ntixture  at  a  content  slump 
usually  dbcreases  as  toe  mortar  content  increases.  For  w/c  of  0.50  to  0.60,  toe 
date  suggest  that  a  morter  content  of  0.537  ±  0.007  m^  (14.5  ±  0.2  ft®)  mi^t  be 
an  appropriate  morter  content  for  santeble  placing  ard  workability  properties  in 
37.5-mm  (1-1/2-in.)  NMSA  ma^  concrete.  Lower  mortar  mntents  apjtear  to 
residt  in  less  workable  concretes.  Higher  morter  contents  can  result  in 
unitecessaffiy  high  cementitious  contents.  The  p/m  necessary  to  produce  slumps 
between  40  aid  75  mm  (1-1/2  to  3  in.)  increased  as  toe  w/c  decreased  due  to  toe 
increased  cementitious  content. 
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Figure  1 1 .  Relationship  of  Vebe  time  to  slump  for  37.5-mm  (1-1  /2-in.)  NMSA  mixtures  using  favorably  shaped  coarse  aggregate  particles 
and  a  0.50  w/c 
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Figure  12.  Relationship  of  Vebe  time  to  slump  for  37.5-mm  (1-1 /2-in.)  NMSA  mixtures  using  favorably  shaped  coarse  aggregate  particles 
and  a  0.60  w/c 


Less  favorable  coarse  aggregate  particie  shape 

A  total  of  23  mixtures  were  evaluated  as  shown  in  Tables  5  awl  7.  Plots  of 
p/ra  versus  Vebe  time  at  each  mortar  content  are  shown  in  Figures  13  and  14  for 
w/c  of  0.50  and  0.60,  respectively.  Slump  values  are  superimposed  on  each 
curve  at  the  appropriate  location.  As  was  the  case  vrith  coarse  aggregate  having  a 
favorable  particie  shape,  the  data  indicate  that  for  a  given  p/m,  fee  ¥ebe  time 
necessary  to  consolidate  fee  sample  decreases  as  fee  mortar  content  increases.  A 
corresponding  Increase  in  slump  is  al^  indicated  as  fee  mortar  content  increased. 
For  a  given  mortar  content,  fee  Vebe  time  necessary  to  consolidate  fee  sample 
decrea^s  as  fee  p/m  increases,  however  it  does  not  appear  to  Ite  a  linear 
relationship.  Here  appears  to  be  a  clo^  relationship  between  fee  p/m  and  slump. 
Regardless  of  fee  mortar  content,  fee  slump  increases  as  fee  p/m  increases.  Each 
of  these  relationdups  between  the  mortar  content,  p/m,  slump,  aid  Vebe  time 
were  expected.  However,  fee  date  provide  cpantification  fee  magnitude  of  fee 
relationships. 

Mixtures  with  0.50  w/c.  The  date  indicate  feat  mixtures  having  mortar 
contents  of  0.537  m®  (14.5  ft®)  and  less  could  be  Judged  diflRcult  to  consolidate 
when  the  slump  is  less  than  50  mm  (2  in.).  Higher  p/m’s  were  necessary  to 
reduce  fee  Vebe  time.  While  fee  higher  p/m  did  not  necessarily  increase  fee 
water  content  above  that  of  mixtures  having  hi^er  mortar  contents,  fee  higher 
p/m  did  result  in  hi^er  slumps.  From  a  visual  observation,  fee  mixtures  having  a 
lower  mortar  ojntent  and  higher  p/m  appeared  to  be  “wet."  Mortar  coating  fee 
ccarse  aggregate  particles  had  a  noticeable  water  dieen.  Yet  these  mixtures  could 
be  more  difficult  to  consolidate  fean  ofeer  mixtures  having  a  lower  p/m  but  higher 
mortar  oxntent.  The  date  indicate  feat  mixtures  having  mortar  contents  of 
0.548  m®  (14.8  ft®)  required  less  vibratory  effort  to  consolidate.  Mortar  contents 
higher  fean  those  examined  in  this  investigation  might  have  proved  beneficial. 
Lower  p/m  could  be  used  while  mainteiiting  adequate  slumps  of  40  to  75  mm 
(1-1/2  to  3  in.).  Paste-mortar  ratios  of  approximately  0.47  to  0.48  appeared  to 
result  in  slumps  between  40  and  75  mm  (1-1/2  to  3  in.). 

^fixtures  with  0.60  w/c,  Ihe  data  indicate  that  mixtures  having  mortar 
contents  of  0.526  m®  (14.2  ft®)  and  less  could  be  judged  difficult  to  consolidate 
when  fee  slump  is  less  than  50  mm  (2  in.).  Higter  p/m’s  were  necessary  to 
reduce  fee  Vebe  time.  While  the  higher  p/m  did  not  itecessarily  increase  fee 
water  content  above  that  of  mixtures  having  higher  mortar  contents,  fee  hi^er 
p/m  did  result  in  higher  slumps.  From  a  visual  observation,  fee  mixtures  having  a 
lower  mortar  content  and  Wgher  p/m  appeared  to  be  “wet."  Mortar  coating  fee 
coarse  aggregate  particles  had  a  itoticeable  water  dieen.  Yet  these  mixtores  could 
be  more  difficult  to  consolidate  fean  ofeer  mixtures  having  a  lower  p/m  but  higher 
mortar  content.  The  data  indicate  that  mixtures  having  mortar  contents  of 
0.537  m®  (14.5  ft®)  and  higher  required  less  vibratoiy  effort  to  consolidate. 

Mortar  contents  higher  than  those  examined  in  this  investigation  might  have 
proved  beneficial.  Lower  p/m’s  could  be  used  while  maintaining  adequate  slumps 
of  40  to  75  mm  (1-1/2  to  3  in,).  Paste-mortar  ratios  of  approximately  0.46  to 
0.47  appeared  to  result  in  slumps  between  40  and  75  mm  (1-1/2  to  3  in.). 
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Figure  13.  Vebe  time  for  37.5-mm  (1-1 /2-in.)  NMSA  mixtures  using  unfavorably  shaped  coarse  aggregate  particles  and  having  a  0.50  w/c 
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Figure  14.  Vebe  time  for  37.5-mm  (1-1 /2-in.)  NMSA  mixtures  using  unfavorably  shaped  coarse  aggregate  particles  and  having  a  0.60  w/c 


Overall.  Tbs  data  describing  mixtures  having  coarse  aggregate  with  a  less 
favorable  particle  shape  support  similar  conclusions  as  those  from  mixttires  having 
a  favorable  particle  diape.  Ihere  are  a  few  significant  differences:  (a)  a  higher 
mortar  content  is  indicated  when  the  coarse  aggregate  particles  have  a  less 
favorable  shape,  (b)  an  increase  in  mortar  content  or  p/ra  does  not  have  as 
dramatic  an  effect  upon  Vebe  time  or  slump  as  is  the  ca^  wth  the  favorably 
shaped  coarse  aggregate  particles,  (c)  it  was  difficult  to  entrain  the  proper  amount 
of  air  in  mixtures  having  mortar  contents  less  than  0.53?  m^  (14.5 1^),  and  (d)  a 
hi^er  p/m  was  reqpuired  to  produce  slumps  between  40  IS  mm  (1-1/2  to 
3  in.).  As  shown  in  Figures  15  and  16,  tise  Vebe  time  reqmred  to  consolidate  a 
raixnire  at  a  constant  slump  usually  decreases  as  the  mortar  content  increases. 

For  w/c  of  0.50  to  0.60,  tie  data  suggest  ftat  a  mortar  content  of  0.548  ± 

0.007  m*  (14.8  ±  0.2  )  mi^t  be  an  appropriate  mortar  content  for  suitable 

placing  and  workability  properties  in  37.5-mm  (1-1/2-in.)  NMSA  mass  concrete. 
Lower  mortar  contents  appear  to  result  in  less  workable  concretes  and  possible 
difficulty  in  entiaining  an  appropriate  amount  of  air.  Hi^er  mortar  contents  can 
result  in  unitecessarily  high  cementitious  contents.  The  p/m  mcessary  to  produce 
slumps  between  40  and  75  mm  (1-1/2  to  3  in.)  increased  as  the  w/c  decreased  due 
to  the  increased  cementitious  content. 


75-mm  (3-in.)  NMSA  Mixtures 


Hie  modified  vebe  test  procedure,  which  tested  the  concrete  as  mixed  rather 
than  wet-sieved  portion,  was  unable  to  detect  changes  in  the  workablility  of 
75-mm  (3-in.)  NMSA  mass  concrete  mixtures  as  successfully  as  had  be«n  the  case 
with  the  37.5-mm  (l-i/2-in.)  NMSA  mass  concrete  mixtores.  Changes  in 
mixture  proportions  which  should  have  affected  the  workability  of  toe  concrete 
mixtures  did  i»t  result  in  a  change  meaairable  by  toe  test  procedure.  It  appears 
that  toe  mold  size  \iras  not  large  enough  to  adequately  test  a  representative  sample 
of  toe  75-mm  (3-m.)  NMSA  mass  concrete.  Increasing  toe  size  further  would 
have  required  two  people  to  handle  toe  mold.  Therefore,  it  was  decided  itot  to 
pursue  evaluation  of  the  75-mm  (3-in.)  NMSA  mixtures.  Test  results  for  toe 
toree  mixtures  that  were  evaluated  are  given  in  Table  8. 
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Figure  15.  Relationship  of  Vebe  time  to  slump  for  37.5-mm  (1-1 /2-in.)  NMSA  mixtures  using  unfavorably  shaped  coarse  aggregate  particles 
and  a  0.50  w/c 


MORTAR  CONTENT 
MORTAR  CONTENT 
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Figure  16.  Relationship  of  Vebe  time  to  slump  for  37.5-mm  (1-1 /2-in.)  NMSA  mixtures  using  favorably  shaped  coarse  aggregate  particles 
and  a  0.60  w/c 


4  Conclusions  and 
Recommendation 


Conclusions 


The  data  indicate  that  a  recommended  minimum  and  maximum  mortar  content 
could  be  a  useful  guide  to  aid  in  proportioning  workable  mass  concrete  mixtures 
containing  37.5-mm  NMS  coarse  aggregate.  An  approximate  minimum  and 
maximum  mortar  content  was  identified  for  mixtures  containing  favorably  shaped 
coarse  aggregate  particles  (primarily  blocky  with  minimal  flat  and  elongated)  and 
for  mixtures  containing  less  favorably  shaped  coarse  aggregate  particles  (higher 
percentage  of  flat  and  elongated).  All  mixtures  contained  natural  fine  aggregate. 
The  following  mortar  contents  are  suggested  for  the  initial  proportioning  of 
mixtures  having  slumps  of  55  ±  20  mm: 

a.  Favorably  shaped  crushed  coarse  aggregate:  0.537  ±  0.007  m^  (14.5  ± 
0.2  fP). 

b.  Less  favorably  shaped  crushed  coarse  aggregate:  increase  the  minimum 
mortar  content  by  0.011  m’  (0.3  ft*);  i.e.,  0.548  ±  0.007  m*  (14.8  ± 

0.2  ft*). 

These  mortar  contents  appear  to  be  appropriate  for  mixtures  having  w/c  ranging 
firom  0.50  to  0.60.  Mixtures  having  w/c  significantly  higher  or  lower  than  these 
could  require  mortar  contents  outside  the  ranges  suggested  above.  It  is  reasonable 
to  expect  tiiat  mortar  contents  similar  to  die  minimum  values  suggested  for 
favorably  shaped  crushed  coarse  aggregate,  or  perhaps  somewhat  lower,  would  be 
appropriate  for  rounded  natural  coarse  aggregate.  It  is  also  reasonable  to  expect 
diat  hi^er  mortar  contents  would  be  necessary  if  a  manufactured  fine  aggregate 
were  being  used.  However,  additional  research  will  be  necessary  to  confirm  this. 

The  p/m  does  not  appear  to  be  as  useful  as  die  mortar  content  as  a  guide  to 
assist  in  proportioning  workable  mass  concrete  mixtures  containing  37.5-mm 
NMS  coarse  aggregate.  The  p/m  appears  to  have  more  impact  upon  the  slump  of 
the  mixture  than  upon  the  amount  of  vibratory  effort  required  to  consolidate  the 
concrete.  The  p/m  appears  to  remain  relatively  constant  for  a  given  slump,  w/c. 
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and  type  of  coarse  aggregate,  even  when  the  mortar  content  changes.  When  the 
slump  increases  or  the  w/c  increases,  the  p/m  will  necessarily  increase  also.  It 
may,  however,  be  significant  that  a  higher  p/m  was  necessary  when  the  coarse 
aggregates  were  less  favorably  shaped;  i.e.,  those  including  more  flat  and 
elongated  particles. 

It  should  also  be  pointed  out  that  when  the  coarse  aggregate  contains  a 
significant  number  of  fiat  and  elongated  particles,  it  may  not  be  possible  to 
proportion  a  mixture  whose  workability  will  be  as  good  as  if  the  coarse  aggregate 
particles  were  more  blocky.  Even  when  the  mortar  content  and  the  p/m  were 
increased  in  the  mixtures  containing  the  less  favorably  shaped  aggregate,  the 
slump  did  not  increase  nor  did  the  Vebe  time  decrease  as  much  as  when  similar 
changes  were  made  to  the  mixtures  containing  favorably  shaped  coarse  aggregate 
particles.  EM  1110-2-2000,  “Standard  Practice  for  Concrete  for  Civil  Works 
Structures,”  (Headquarters,  Department  of  the  Army  1994)  states  in  paragraph 
2.3,  that 

“Excessive  amounts  of  fiat  or  elongated  particles,  or  both,  in 
aggregates  will  severely  affect  the  water  demand  and  finishability. 

In  mass  concrete  structures,  the  amount  of  flat  or  elongated 
particles,  or  both,  at  a  3:1  length-to-width  ratio  or  width-to-thickness 
ratio  is  limited  to  25  percent  in  any  size  group  of  coarse  aggregates.” 

In  view  of  the  data  presented  in  this  investigation,  this  appears  to  be  prudent 
guidance. 


Recommendation 

EM  1110-2-2000,  “Standard  Practice  for  Concrete  for  Civil  Works 
Structures,”  (Headquarters,  Department  of  the  Army  1994)  states  in  paragraph 
4.1,  that  “Proportions  for  mass  concrete  or  structural  concrete  are  to  be  selected 
in  accordance  with  ACI  211.1  (ACI  1993b)  (CRD-C  99)  (USAEWES  1949)  and 
other  criteria  as  described  in  the  following  paragraphs  of  this  chapter  whether  the 
work  is  done  by  the  Government  or  the  Contractor.”  It  is  recommended  that 
consideration  be  given  to  revising  current  guidance  by  adding  a  subparagraph  to 
paragraph  4.3,  “Criteria  for  Mixture  Proportioning,”  which  states  the  following: 

“For  mass  concretes  containing  150-mm  (6-in.)  and  75-mm  (3-in.)  NMSA, 
mortar  contents  within  the  range  recommended  by  ACI  211.1  (CRD-C  99)  are 
suggested  for  initial  mixture  proportions.  For  mass  concretes  containing  37.5-mm 
(IVi-in.)  NMSA,  the  following  mortar  contents  are  suggested  for  initial  mixture 
proportions. 

a.  Primarily  blocky  shaped  crushed  coarse  aggregate:  0.537  ±  0.007  m^ 
(14.5  ±  0.2  fP). 
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b.  Crushed  coarse  aggregate  with  higher  percentages  of  flat  and  elongated 
particles:  0.548  +  0.007  (14.8  ±  0.2  tf). 

These  mortar  contents  appear  to  be  appropriate  for  mixtures  having  w/c  ranging 
from  0.50  to  0.60  and  slumps  of  55  ±  20  mm  when  natural  fine  aggregates  are 
being  used.  Mixtures  having  w/c  or  slumps  significantly  higher  or  lower  than 
these  could  require  mortar  contents  outside  the  ranges  suggested  above.  Use  of  a 
manufactured  fine  aggregate  could  require  mortar  contents  above  the  ranges 
suggested  above." 
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Appendix  A 
Recent  Mass  Concrete 
Mixture  Information 


Key 

Calion  L&D 
Clarence  Cannon 
CRGNT 
CRLS 

L&D  26  -  1st  Stage 

L&D  26  -  2nd  Stage 

Melvin  Price  L&D 

MLS 

Natural 

NG 

Overton  L&D 
Red  River  #3 
Red  River  #4 
Red  River  #5 
Red  River  TS 
Tensas  Cocodrie 


Calion  Lock  and  Dam,  Ouachita  River,  Arkansas 

Clarence  Cannon  Dam,  Salt  River,  Missouri 

Crushed  granite  coarse  aggregate 

Crushed  limestone  coarse  aggregate 

Lock  and  Dam  No.  26,  1st  Stage,  Mississippi  River, 

Missouri 

Lock  and  Dam  No.  26,  2nd  Stage,  Mississippi  River, 
Missouri 

Melvin  Price  Lock  and  Dam,  Mississippi  River, 
Missouri 

Manufactured  limestone  fine  aggregate 

Natural  sand  fine  aggregate 

Natural  gravel  coarse  aggregate 

Overton  Lock  and  Dam,  Red  River,  Louisiana 

Lock  and  Dam  No.  3,  Red  River,  Louisiana 

Lock  and  Dam  No.  4,  Red  River,  Louisiana 

Lock  and  Dam  No.  5,  Red  River,  Louisiana 

Thermal  Study,  Red  River  Locks  and  Dams,  Louisiana 

Tensas  Cocodrie  Pumping  Plant,  Louisiana 
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L&D  26-2nd  Stage  D2-1  0.5  35  0.0500  0.0780 _ 0.1229  0.2622  0.4870  CRLS  NATURAL  45  0.5130  0.4890 

L&D  26-2nd  Stage  |  D2-2  |o.45  [34  0.0500  0.0854  0.1211  0.2528  0.4907  CRLS  NATURAL  45  0.5093  0.5036 
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Table  A2 

Mixture  Information  from  Recent  75-mm  NMSA  Mass  Concrete 


Figure  A1 .  Mortar  content  of  37.5-mm  NMSA  mass  concrete  mixtures 
reviewed  for  historical  data 
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Figure  A2.  Paste/mortar  of  37.5-mm  NMSA  mass  concrete  mixtures  reviewed 
for  historical  data 
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ure  A3.  Relationship  of  mortar  content  to  paste/mortar  of  37.5-mm  NMSA 
mass  concrete  mixtures  reviewed  for  historical  data 
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Figure  A4.  Mortar  content  of  75-mm  NMSA  mass  concrete  mixtures  reviewed 
for  historical  data 
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Figure  A5,  Paste/mortar  of  75-mm  NMSA  mass  concrete  mixtures  reviewed 
for  historical  data 
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Figure  A6.  Relationship  of  mortar  contents  to  paste/mortar  of  75-mm  NMSA 
mass  concrete  mixtures  reviewed  for  historical  data 
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Appendix  B 
Modified  Vebe  Test 
Procedure  for  Mass  Concrete 
Mixtures 


The  modified  list  procedure  presented  below  is  patterned  after  the  British 
Standard  Method  for  Determination  of  Vebe  Time  (BS  1881:  Part  104)  British 
Standards  Institute  1983).^ 

1 .  Scope 

1.1  This  mefliod  describes  a  procedure  for  determining  the  consistency  of 
mass  concrete  mixtures  and  is  applicable  in  both  the  laboratory  and  the  field.  It  is 
intended  to  supplement  the  slump  test. 

1.2  This  method  is  considered  applicable  to  concrete  containing  50-mm 
(2-in.)  nominal  maximum  size  aggregate  or  smaller. 

2.  Applicable  Documents 
2. 1  ASTM  Standards 

C  143  (ASTM  1993e)^  Method  for  Slump  of  Hydraulic  Cement 
Concrete  (CRD-C  5)^ 

C  172  (ASTM  1993g)*  Method  of  Sampling  Freshly  Mixed 
Concrete  (CRD-C  4) 

C  231  (ASTM  1993h)'  Method  for  Air  Content  of  Freshly  Mixed 
Concrete  by  die  Pressure  Method  (CRD-C  41) 


References  are  listed  following  main  text. 

^  CRD'C  equivalents  in  parentheses  are  from  the  Handbook  for  Concrete  and  Cement, 
U.S.  Army  Engineer  Waterways  Experiment,  1949,  Vicksburg,  MS. 
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2.2  American  Concrete  Institute  Standard 

ACI  211  Standard  Practice  for  selecting  proportions  for  normal, 
heavyweight,  and  mass  concrete  (CRD-D  99) 

2.3  British  Standard 

BS  1881:  Part  104:  1983  Method  for  Determination  of  Vebe  Time 

3.  Summary  of  Method 

3. 1  This  method  provides  a  measure  of  the  consistency  of  mass  concrete 
mixtures.  The  consistency  is  measured  as  the  time  required  to  remold  and 
consolidate  a  given  volume  of  concrete  in  a  cylindrical  mold  using  external 
vibration. 

3.2  This  method  tests  a  larger  sample  of  concrete  than  does  the  British 
Standard  1881,  “Method  for  Determination  of  Vebe  Time.” 

4.  Apparatus 

4. 1  Cylindrical  Mold  -  The  cylindrical  mold  shall  have  an  inside  diameter  of 
356  ±  3  mm  and  a  height  of  286  ±  3  mm.  The  volume  of  the  sample  container 
shall  be  approximately  0.028  cu  m.  The  cylindrical  mold  shall  be  capable  of 
being  rigidly  clamped  to  a  vibrating  table.  The  top  rim  of  the  mold  shall  be 
smooth,  plane,  and  parallel  to  the  bottom  of  the  mold. 

4.2  Conical  Mold  -  The  conical  mold  shall  be  305  ±  3  mm  at  the  base, 

152  ±  3  mm  at  the  top,  and  457  ±  3  mm  high.  The  base  and  top  shall  be  open 
and  parallel  to  each  other  and  at  right  angles  to  the  axis  of  the  cone.  The  interior 
of  tile  cone  shall  be  relatively  smooth  and  free  from  projections  or  dents.  The 
conical  mold  shall  have  a  clamp  which  is  capable  of  holding  the  mold  firmly  in 
place  while  filling. 

4.3  Tamping  Rod  -  The  tamping  rod  shall  be  a  round,  straight  steel  rod 
16-mm  in  diameter  and  approximately  900-mm  in  length,  having  the  tamping  end 
rounded  to  a  hemispherical  tip  the  diameter  of  which  is  16-mm. 

4.4  Surcharge  -  The  surcharge  shall  be  a  circular  acrylic  plate  330  ±  3  mm 
in  diameter  and  13  ±  1  mm  thick. 

4.5  Vibrating  Table  -  A  steel  vibrating  table  shall  be  clamped  to  a  level 
concrete  floor  or  base  slab  having  a  mass  of  at  least  50  kg  to  avoid  movement 
during  vibration.  The  vibrating  table  shall  produce  a  sinusoidal  vibratory  motion 
with  a  frequency  of  60  ±  1.7  Hz  and  an  amplitude  of  0.70  ±  0.08  mm. 

4.6  Miscellaneous  Equipment  -  Also  required  are  a  shovel,  scoop,  and 
stopwatch. 
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5.  Sampling 

5. 1  Samples  of  freshly  mixed  concrete  shall  be  taken  in  accordance  with 
ASTM  C  172. 

6.  Procedure 

6. 1  Obtain  a  representative  sample  of  freshly  mixed  concrete  in  accordance 
with  ASTM  C  172,  having  a  minimum  mass  of  100  kg. 

6.2  Remix  the  sample  carefully  with  a  shovel  to  correct  for  any  segregation 
that  may  exist. 

6.3  Dampen  the  cylindrical  and  the  conical  mold.  Clamp  the  cylindrical  mold 
onto  the  vibrating  table.  Place  the  conical  mold  into  the  cylindrical  mold  and 
clamp  into  place.  From  the  sample  of  concrete  obtained  in  accordance  with 
Section  6,  immediately  fill  the  conical  mold  in  three  layers,  each  approximately 
one  third  the  volume  of  the  mold. 

6.4  Rod  each  layer  with  50  strokes  of  the  tamping  rod.  Uniformly  distribute 
the  strokes  over  the  cross  section  of  each  layer.  For  the  bottom  layer  this  will 
necessitate  incling  the  rod  slightly  and  making  approximately  half  of  the  strokes 
near  the  perimeter,  and  then  progressing  with  vertical  strokes  spirally  toward  the 
center.  Rod  the  bottom  layer  throughout  its  depth.  Rod  the  second  layer  and  the 
top  layer  each  throughout  its  depth,  so  that  the  strokes  just  penetrate  into  the 
imderlying  layer. 

6.5  In  filling  and  rodding  the  top  layer,  heap  the  concrete  above  the  mold 
before  the  rodding  is  started.  If  the  rodding  operation  results  in  subsidence  of  the 
concrete  below  the  top  edge  of  the  mold,  add  additional  concrete  to  keep  an 
excess  of  concrete  above  the  top  of  the  mold  at  all  times.  After  the  top  layer  has 
been  rodded,  strike  off  the  surface  of  the  concrete  by  means  of  a  screeding  and 
rolling  motion  of  the  tamping  rod.  Carefully  remove  any  excess  concrete  that 
may  have  fallen  from  the  top  of  the  cone  to  the  outside  of  its  base  inside  the 
cylindrical  mold. 

6.6  Loosen  the  clamps  holding  the  conical  mold  to  the  cylindrical  mold  and 
immediately  remove  the  conical  mold  from  the  concrete  by  raising  it  carefully  in  a 
vertical  direction  with  a  steady  upward  lift  with  no  lateral  or  torsional  motion. 

The  conical  mold  should  be  completely  removed  from  the  concrete  in  5  ± 

2  seconds. 

6.7  Place  the  surcharge  on  the  sample  of  concrete  so  that  it  is  centered  over 
the  cylindrical  mold. 

6.8  Turn  the  vibrating  table  on  and  begin  timing  the  test.  Observe  the 
concrete  tmderneath  the  surcharge  and  around  the  edge  of  the  surcharge.  As  the 
test  progresses,  mortar  will  cover  the  bottom  of  the  surcharge  and  migrate 
between  the  surcharge  and  the  wall  of  the  mold.  When  the  bottom  of  the  • 
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surcharge  has  been  completely  covered  with  mortar  and  a  ring  of  mortar  has 
formed  around  the  periphery  of  the  surcharge,  stop  the  test  and  determine  the 
elapsed  time  to  the  nearest  second.  Record  this  as  the  Vebe  Time. 


7.  Report 

7. 1  Report  the  Vebe  Time  to  the  nearest  second. 

8.  Precision  and  Bias 

8. 1  Precision  -  The  precision  of  this  test  method  has  not  been  determined. 

8.2  Bias  -  This  test  method  has  no  bias  since  Vebe  Time  is  defined  only  in 
terms  of  this  test  method. 
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